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SUMMARY 

Mapping the accessibility to terrestrial natural and cultural areas is key to understanding an urban area's 
potential to offer multiple ecosystem services. In this work, we aim to study the accessibility of 
Lithuanian inhabited areas (9088) to natural and cultural areas. A framework was developed based on 
the accessibility to water bodies, protected areas, and heritage sites. The results showed that most 
inhabited areas have good and very good access to natural and cultural sites. However, some areas with 
reduced accessibility may need some recuperation to increase the population well-being of these areas. 
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Introduction 
 
More than half of the global population is now living in urbanized areas (United Nations, 2019). 
Nevertheless, despite living in urban environments, humans have a robust intrinsic connection and 
dependence on nature (Díaz et al., 2015). Non-material benefits from nature, so-called cultural 
ecosystem services (CES), are important contributors to human wellbeing (Millennium Ecosystem 
Assessment, 2005). The benefits achieved by being in contact and the appreciating nature, the sense of 
belonging, physical and non-physical recreational activities, cultural identity, and aesthetics are 
essential in contributing to both physical, mental, and spiritual health and wellbeing (Bratman et al., 
2019; Brymer et al., 2020; Hartig et al., 2014; Hausmann et al., 2016; Seymour, 2016). In urban areas, 
CES's benefits are limited to green and blue spaces (Palliwoda et al., 2020), which are not always 
plentiful in every city. In contrast, natural and cultural areas (e.g., forests, rivers, lakes, coastal, heritage 
sites) have been increasingly recognized as essential suppliers of CES (Garcia Rodrigues et al., 2017; 
Eliasson et al., 2018; Rodrigues, 2015; Torralba et al., 2020). These areas have higher scenic value, 
landscape diversity, recreational opportunities, and higher biodiversity. However, they are very often 
not located in the proximity of urban centers. It is important to analyze weather urban populations have 
access to nature and cultural areas, as well as identifying high or lower accessibility areas. In this study, 
we assess and map the accessibility of urban populations to natural and cultural areas taking Lithuania 
as an example.  
 
Materials and Methods 
 
Study area: Lithuania is located in the northeast part of Europe. In 2020, Lithuania had 2.8 million 
people, of which 67.5% (1.89 million) (OSP, 2021) live in urban areas. The major urban centers are the 
capital city of Vilnius (580,000 inhabitants), Kaunas (330,000 inhabitants), and Klaipėda (170,000 
inhabitants). With approximately 65.3 km2, the average population density of 42.8, reaching a 
maximum of 84.3 inhabitants per km2 (OSP, 2021). A complex network of protected areas both on land 
and in the marine area (Natura 2000, Ramsar sites, National Parks, Biosphere Reserves) hosts a high 
diversity of species, ecosystems, and landscapes. 
Methods: The data used to model the accessibility to natural and cultural areas were 1) water bodies 
(rivers and lakes) from 1) Lithuanian cadastre (https://www.registrucentras.lt/); 2) protected areas 
(https://vstt.lrv.lt/); 3) heritage sites (https://www.registrucentras.lt/); and 4) inhabited places (cities and 
villages) (https://www.registrucentras.lt/) (Figure 1). In this work, we did not include other important 
areas relevant for natural and cultural recreation (e.g., coastal), since we aimed to evaluate the distance 
to terrestrial water bodies, protected areas, and heritage sites. A Euclidian distance was applied to 
identify the distance to water bodies, protected areas, and heritage sites using ArcMAP 10.4. 
Subsequently, previously to overlay the layers (Figure 1), a multicollinearity analysis between the 
variables was assessed using a Spearmen coefficient of correlation. If the correlation was higher than 
0.8, the variable was discarded. Data overlay was carried out using ArcMAP 10.4 raster calculator tool. 
The distance from all the inhabited areas was conducted using the extract values to point ArcMAP 10.4 
tool. This was applied as well to identify the distance to water bodies, protected areas, and heritage 
sites. A Kruskal-Wallis ANOVA was conducted to identify statistical differences between the three 
variables. If statistical differences were identified, a posthoc multiple comparison test was applied.  Data 
was reclassified applying the natural breaks method. A Moran's I index and a Getis Ord (GI*) hotspot 
analysis were applied to identify the spatial autocorrelation and the pattern of the terrestrial Natural and 
cultural areas accessibility (NCRA) index, respectively (Figure 1). A Moran’s I index close to +1 show 
that the variable is clustered and if is close to -1 have a dispersed pattern. Values close to 0 show that 
the variable has a random distribution. Statistical analysis were carried out using Statistica 12.0.     
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Figure 1 The framework to assess the accessibility to natural and cultural areas in Lithuania 
 
Results and discussion 

The results showed that the data was not collinear (r<0.8). Therefore, all the variables could be applied 
in the model (Figure 2A. The distance to water bodies to inhabited areas was significantly lower than 
to protected areas and heritage sites. Also, protected areas' distance to cities and villages was 
significantly lower than heritage sites (Figure 2B).       

 

 
Figure 2 A) Histogram of the distance to water, protected areas, heritage sites, and natural and cultural 
recreational areas accessibility (NCRA) index, correlation between all the variables (r values show the 
Spearman correlation coefficient), and descriptive statistics (N-number; Min-minimum; Q1-quartile 1; 
Max-Maximum; SD-standard deviation; CV%-coefficient of variation; Skew-Skewness; Kur-Kurtosis). 
B) Box-plot of distance to water, protected areas, and heritage sites. Different letters above the bars 
show significant differences at a p<0.05. Line inside the box (median), hanging bars (minimum and 
maximum), upper box limit (quartile 3), and lower box limit (quartile 1) 
 
This shows that the accessibility of urban assets higher to water bodies than to heritage sites. Protected 
areas are in an intermediate position. The coefficient of variation (CV%) was higher in protected areas 
than water and heritage sites. This is because protected areas are scattered in the territory, and some 
inhabited areas are very close to the protected areas, while others are far away (Figure 2A). NCRA 
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index had an average of 7731. 592 and showed a high correlation with heritage sites (0.732) and 
protected areas (0.703), showing that the final model was influenced mainly by these variables (Figure 
2A). The spatial distribution of NCRA index is shown in Figure 3A. Except for some scattered areas 
located across all the territory and a big cluster (Suvalkija), most inhabited areas have high and very 
high accessibility to natural and cultural recreation sites. Morans I had an index of 0.66, significant at a 
p<0.001, showing that the spatial distribution was clustered. The GI* analysis confirmed this, and it is 
visible that several hotspots are observed near the areas with a high density of lakes (northeast) and 
close to the rivers and protected areas (Figure 3B).     
 

 
Figure 3 A) Natural and cultural recreational areas accessibility index and B) GI* hot spot analysis  
 
It has been strongly highlighted that access to natural and cultural areas is key to increase human 
wellbeing (Ferreira et al., 2021). This study identified areas where the accessibility too natural and 
cultural areas and, therefore, it is likely that they can offer better wellbeing to their inhabitant. The 
information obtained in this work is important to urban and spatial planning in which human wellbeing 
is a key priority.. This information also supports the implementation of global wellbeing targets, such 
as the United Nations Sustainable Development Goals (SDGs) (United Nations, 2015). SDG 15 target 
9 states that it is essential to "integrate ecosystem and biodiversity values into national and local 
planning, development processes, poverty reduction strategies, and accounts”. Also, this work 
identifies areas with less accessibility and likely with problems with degradation, such as Suvalkija, an 
area affected by intensive agriculture (Miksa et al., 2020), where the inhabitants have reduced 
accessibility protected areas and heritage sites. Also, the practices carried out in this area pose other 
serious tradeoffs, such as eutrophication in water bodies (Miksa et al., 2021). In this context, it is critical 
to minimize these tradeoffs (Yang et al., 2021) associated with these unsustainable practices and 
implement restoration strategies that can reverse this degradation trend and contribute to population 
wellbeing (Yu et al., 2020). This will also be key to achieving the UN decade for restoration (2021-
2030), aiming to prevent, halt, and reversing the degradation of ecosystems worldwide 
(https://www.decadeonrestoration.org/).         
 
Conclusions 
 
The results obtained in this work are key to identify the accessibility of the different inhabited areas to 
terrestrial natural and cultural recreational sites. Overall, the distance was low to water bodies and high 
to heritage sites. NCRA index was mainly influenced by protected areas and heritage sites, and the areas 
with reduced accessibility were mainly scattered but had a cluster in the Suvalkija region. NCRA index 
spatial correlation had a cluster pattern, and the hot spots were especially located in the urban areas 
located near the natural parks and water bodies.     
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